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Abstract 
The  development  of  efficient  solar  receivers  for  different  types  of  solar collectors  such  as  point  focusing,  line focusing  
and  external  towers  have  received  major  attention  in  solar  thermal  power  conversion  process.  The point focusing or 
parabolic concentrators need the receiver with internal cavity absorber and heat transfer system design with limited length and 
diameter. The line focusing collectors are not limited by its receiver length with respect to the trough. In this regard an 
experimental simulation was  carried out to enhance the overall heat transfer coefficient by effective design  of  shell  and  helical  
tube  heat  exchanger  using  silver  (Ag)  Nano  particles  with  water  as  Heat  Transfer  Fluid (HTF), which reduces the length 
of the receiver in point focusing collector. The line focusing collector was analysed by 3D numerical model with porous discs of 
top half, bottom half, combination of top  & bottom half and full shape with silicon  carbide  ceramic  foam  as  a  material to  
evaluate  the  performance  of  the  receiver  to  suit  for  line  focusing collectors. The results obtained with porous disc are 
compared with plain tube line receiver. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Organizing Committee of ICAER 2013. 
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1. Introduction 
Thermal  power  generation  from  Concentrated  Solar  Power  (CSP)  is  based  on  the  solar  collector  
technologies.  The important technologies are point focusing (dish or concentrated) type, line focusing (trough and 
Fresnel) type and central tower (heliostats) type. The most important part of the above technologies is the receiver 
(internal and external) which absorb and transfer the heat to the heat transfer fluid (HTF). Research and development 
in the area of receiver will help to enhance the power output from the solar power generation. The geometry, 
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operating parameters, material, heat transfer fluid and type of heat exchanger are the important parameters which 
will affect the performance of solar receiver [1].  
The operating temperature of the materials limits the conversion efficiency of the solar power system and high 
absorptivity & thermal conductivity of the silicon carbide leads to its usage in the solar receiver [2]. Use of Nano 
fluids as heat transfer medium increase the thermal conductivity and heat transfer rates [3, 4], use of nanoparticles in 
the heat transfer fluids suits effectively for point focusing internal cavity receivers, which is also limited with respect 
to length and diameter. Numerical  investigation  of  the use of porous disc line receiver for solar parabolic trough 
was  carried  out  with  various  configurations  and  orientations  by Ravi Kumar et al [5]. The study found that 
increase of over all heat transfer coefficient and system performance with porous disc and therminol VP1 as HTF, 
the study aslo suggest that there is a scope to optimize the receiver configuration with other working fluids, 
materials and different porosity values of the receiver. The multi cavity volumetric solar receiver for thermal 
behavior was tested with silicon-infiltrated silicon carbide (sisic) channels of cavity shape arrangement with shell 
and coil tube heat exchanger by Carotehuto et al [6]. The heat exchanger part is related to the absorbsion and heat 
transfer properties of solar receivers, maximizing the areas enhances the  overall heat transfer coefficients, it is  
discussed  by  Daguenet  et  al [7] with  two  stage  absorber  module (paralleled). Janna martinek [8] experimentally 
studied the effect of multi tube solar receiver with 3-5 large semi-circular arrays and found that the best absorbing 
cavity designs typically contained three to five large tubes arranged in a semicircle around the back cavity wall and 
the highest observed solar-to-chemical efficiency was 23% with an 8 kW solar input. The thermal performance of 
porous media receiver was investigated by Fuqiang Wang et al [9] and concluded that the radiation  heat  loss  on  
the  fluid  inlet  surface  cannot  be  neglected  during  the  thermal  performance  analysis  of  porous media 
receiver. He et al [10] developed numerical methods for improving design tools of pressurised volumetric receivers. 
A  comprehensive  review  of  various  design  configurations  leads  to  study the  suitability  of  heat  exchangers  
with  more effectiveness,  simple  and  easy  maintenance.  In  this  regard  an  experimental  simulation  was  
carried  out  to  enhance  the overall heat transfer coefficient by effective design of shell and helical tube heat 
exchanger and silver (Ag) Nano particle with water as Heat Transfer Fluid (HTF), which reduce the length of the 
receiver in point focusing collector. The line focusing collector was analysed by 3D numerical model with porous 
discs of top half, bottom half, combination of top & bottom half and full shape with silicon carbide ceramic foam as 
a material to evaluate the performance of the receiver to suit for line focusing collectors.  
 
Nomenclature 
Symbols 
Nu Nusselt number `    Ag  Silver    
Re Reynolds number     di Inner Diameter (m) 
Pr Prandtl number     do Outer Diameter (m)   
f Friction factor      Greek Symbols 
D Pipe diameter     μ Viscosity 
L Length of pipe     ρ Density 
T Temperature     ψ Porosity 
k Thermal conductivity (W/m.K) 
h Heat transfer coefficient (W/m2K) 
Uo Overall Heat transfer coefficient (W/m2K) 
CR Concentration Ratio  
A Area 
R Aspect ratio 
q Heat flux (w/m2) 
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2. Experimental Work 
2.1.  Point focusing receiver    
The point focusing receiver was experimentally simulated by shell and helical tube heat exchanger with silver 
Nano fluid as a heat transfer fluid. The experimental setup is shown in the Fig.1. The silver Nano fluid is flowing 
through a copper helical tube with 9 mm inner diameter and 12.7 mm outer diameter with 10 turns. The Plexiglas 
shell has 140 mm inner, 150 mm outer diameters and 250 mm length so L/D ratio is 1.6666, through which cold 
water is flowing; helical coil with counter flow utilizes the available logarithmic mean temperature effectively. A 
1500 watts electric heater is used to heat the fluid in storage tank, which heats the water in the first phase and silver 
Nano fluid in the next phase of the experiment. The heater acts as an absorber of heat flux through solar 
concentrator (point focusing reflector). On the flow lines of hot and cold, two flow meters (Rota meter) are fixed to 
measure the mass flow rates. The flow of cold water is in open cycle and hot fluid is in closed cycle (water or Nano 
fluid of silver), which exchange the heat to cold water. The temperature of silver Nano fluid is maintained constant 
in the helical coil inlet. Cold water in the shell has the open cycle is extracting the heat. Both inlet and outlet 
temperatures are measured by using four k type thermocouples with a temperature data logger to show the digital 
data. The tests were conducted with different flow rates in tube and shell side, volume fractions to study these 
parameters in heat transfer rate. 
 
 
 
 
 
 
 
 
Fig. 1. Experimental setup on shell and helical tube heat exchanger 
2.2. Nano fluid Synthesis 
 The Nano particles are suspended in the base fluid to enhance more thermal conductivity and convective 
heat transfer coefficient. The Nano particles used in Nano fluids are typically made of metals, oxides, carbides. 
Initially 0.1 mole of AgNO3 is made by blending 1.698 g of AgNO3 with 100 ml of water. Then 1mole of NaoH is 
prepared by blending 4g of NaOH with 100 ml of water. Another 250ml beaker is taken into which one gram of 
polyvinyl alcohol and 20g of glucose react in the presence of 100 ml of water in the 250 ml beaker and continuously 
stir with a use of magnetic stirrer for 20 minutes of time period and reaction mixture is maintained at 60°C. Here 
PVA (Polyvinyl Alcohol) act as a surfactant to keep the particle size in the Nano range, and then 40ml of AgNO3 is 
added in a drop wise manner to the reaction mixture. Now NaOH is added in a drop wise manner still the PH value 
adjusted to 8.5–9. This range of PH value gives more stability to the Nano fluids. Then the reaction mixture is heated 
to 60 °C and allowed to vigorous stirring for 2 hours. After that grey precipitate is formed at the bottom of the 
beaker and it is allowed to 3 times wash and centrifuge with acetone. Then finally dry at 80°C, Grey colour powder 
obtained is thoroughly grind in mortar, the obtained nanoparticle is suspended in a base fluid and sonication is made 
up to 45 minutes in an ultrasonic sonicator. Then the particle is checked for its Nano size when dispersed in the base 
fluid using the particle size analyser shown in Fig. 2. 
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Fig. 2. Particle size analyser test shows Nano particle size as 20 nm 
2.2.1. Optimization of parameters using Taguchi analysis  
 
The silver Nano fluid used in the shell and helical tube heat exchanger instead of water is analysed based 
on Taguchi nalysis for range of parameters, orthogonal array and S/N ratio. 
 
           Table 1. Range of parameters 
Sl.No. Parameters Parameters Range 
1. Tube side flow rate 1-2   lit/min 
2. Shell side flow rate 1-2    lit/min 
3. Volume Fraction 0.1-0.3 % 
 
       Table 2. Orthogonal array. 
Sl.No. Tube Side Flow Rate (lpm) Shell Side Flow Rate (lpm) Volume Fraction (%) 
1 1.0 1.0 0.1 
2 1.0 1.5 0.2 
3 1.0 2.0 0.3 
4 1.5 1.0 0.2 
5 1.5 1.5 0.3 
6 1.5 2.0 0.1 
7 2.0 1.0 0.3 
8 2.0 1.5 0.1 
9 2.0 2.0 0.2 
 
    Table 3. S/N Ratio calculated for Ag-Nano fluid flowing inside helical coil heat exchanger 
 
Sl.No. Overall Heat Transfer Coefficient (W/m2K) S/N  Ratio 
1 719.63 57.1422 
2 702.63 56.9345 
3 950.63 59.5602 
4 848.63 58.5744 
5 1026.75 60.2293 
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Sl.No. Overall Heat Transfer Coefficient (W/m2K) S/N  Ratio 
6 1383.91 62.8221 
7 802.85 58.0927 
8 1112.93 60.9294 
9 1173.90 61.3926 
  
                 Table 4. Rank of parameter silver Nano fluid flowing inside helical tube  
 
 
 
 
 
 
 
 
 
 
The result shows that Shell side flow rate is the first most important parameter which affects the heat 
transfer rate followed by tube side flow rate & volume fraction. Also optimized parameter design analyzed through 
Taguchi technique using Minitab software is 
Tube side flow rate = 1.5 lpm 
Shell side flow rate = 2    lpm 
Volume fraction   = 0.1 %  
For the above optimized design parameters, overall Heat transfer coefficient Obtained is 1383.905 w/m2K. 
2.3. Line receiver   
The modeling and analysis of a heat transfer system depends upon geometry of the model, material 
proprieties, heat transfer fluid and boundary conditions. The RNG-based k-ϵ turbulence model is selected for the 
analysis which is used by Ravi Kumar et al [5] for the line receiver with different material for disc, its postion and 
thickness. The Silicon Carbide (SiC) material is used to model porous disc line receiver, since a porous disc in the 
line receiver maximize the area and the rate of heat transfer. The heat transfer characteristics have been studied, with 
and without porous discs also by comparing the results with the Dittur-Bolelter correlation for the Nusselt number 
variations with respect to Reynolds number. The reflected solar radiation from the parabolic concentrator is 
observed by line receiver and further transmitted to working fluid in the receiver. High boiling point Therminol VP-
1 is used as heat transfer fluid for this study. To reduce the heat loss from silicon-carbide receiver was enclosed by a 
glass envelope.  
 
 
. 
 
  
 
 
 
Fig. 3. Porous disc receiver 
Level Tube Side Flow rate (lpm)  Shell Side Flow rate (lpm) Volume Fraction (%) 
1 57.88 57.94 60.03 
2 60.54 59.36 58.97 
3 60.14 61.26 59.29 
Delta 2.66 3.32 1.33 
Rank 2 1 3 
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2.4. Properties of the Receiver and Working Fluid 
The flow is considered as hydro dynamically developed and thermally developing flow for this study. The 
properties of working fluid and receiver material are considered as constant for this study. The geometrical 
parameters and other properties of the receivers are given in Table 5 and Table 6.  
   Table 5. Properties of Heat transfer fluid and porous disc receiver 
Property Heat Transfer Fluid   Therminol VP-1(5) 
Porous Disc Receiver 
Silicon-Carbide 
Density (kg/m3) 938 3210 
Specific heat (J/kg-K) 1970 750 
Viscosity (N-s/m2) 0.000486 - 
Thermal conductivity (W/m-K) 0.118 120 
 
Table 6. Geometrical parameters of the Silicon Carbide porous disc receiver 
Parameter Porous Disc Receiver 
Length of the receiver (mm) 2000 
Thickness of the porous disc (mm) 4 
Inside diameter of the receiver (mm) 66 
Outside diameter of the receiver (mm) 70 
Glass cover diameter (mm) 100 
Distance between two consecutive porous discs (mm) 1di 
Reflectivity of the mirror 0.95 
Transmissivity of the glass cover 0.95 
Absorptivity of the receiver 0.9 
Intercept factor 0.9 
 
2.5. Numerical Procedure 
The modelled receiver with different orientations such as without disc, with full disc, top half disc, bottom 
half disc and alternate half disc are meshed by using commercial software ICEM-CFD with a quadrilateral cell. The 
triangular mesh is used for the inlet and outlet faces, whereas the hybrid/tetragonal mesh are used for volume mesh. 
(Shown in Figure 4 – 5) 
a  b 
 
 
 
 
 
 
Fig. 4. (a) Meshed Receiver without Disc; (b) Meshed Receiver with Top half porous disc. 
 D.R. Rajendran et al. /  Energy Procedia  54 ( 2014 )  557 – 568 563
2.01.81.61.41.21.0
1500
1250
1000
750
500
Mass Flow Rate (mh) 
Ov
er
al
l H
ea
t T
ra
ns
fe
r C
oe
ffi
cie
nt
(U
o) Water
Ag-water nanofluid
Variable
a          b 
 
 
  
 
 
 
 
 
 
 
Fig. 5. (a) Meshed Receiver with Bottom half Porous disc; (b) Meshed Receiver with Alternate Half Porous disc. 
3. Results and Discussions 
3.1. Point focusing receiver 
The Fig.6.represents the variation of overall heat transfer coefficient with different mass flow rate (lpm) of 
water and Ag water mixture. The Results indicated that heat transfer coefficient is higher for Ag-water based Nano 
fluid in comparison with water flowing inside the tube. The study found that Ag-water based Nano fluids enhances 
the  heat transfer rate  up to 46.7% than that of water flowing inside the helical coil tube. 
The Fig.7.shows the variation of heat transfer coefficient with different mass flow rates of cold and hot 
fluids. Overall heat transfer coefficient value reached maximum value when 2 lpm of cold fluid flow through shell 
side and 1.5 lpm of hot fluid (Ag mixed with water) through tube side flow rate. Taguchi results shows that shell 
side flow rate is the most important parameter which affecting the overall heat transfer coefficient, as per the design 
of heat exchanger with L/D ratio is 1.6666.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Scatter plot of overall heat transfer coefficient for various fluid medium 
  
The Fig.8.Shows the overall heat transfer coefficient value changes with varying volume flow rate. In that highest 
value of heat transfer coefficient was attained with 0.1% of volume fraction of Ag-water Nano fluid. When the 
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volume fraction of Ag-water Nano fluid increases beyond 0.3 %, leads to decrease in heat transfer coefficient value. 
This occurs because due to the agglomerate property of Nano fluid as described in many literature. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Scatterplot of overall heat transfer coefficient vs mass flow rate of cold fluid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Scatter plot of overall heat transfer coefficient vs flow rate of hot fluid 
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3.2.  Line receiver  
3.2.1. Parameters analysed  
x Variation of Nusselt number with respect to the Reynolds number. 
x Effect of porous disc on Nusselt number and Drag co-efficient. 
x Effect of orientation of porous disc on Nusselt number and Drag co-efficient. 
x Temperature contours at outlet of the porous disc receiver. 
 
The data obtained from the numerical simulation has been validated against the well-known model, theDittus-
Boelter correlation, and is given as:  
 
Nu = 0.023 Re0.8Pr0.4             (1) 
Where Re = ߩf ݑ݀i/μ and    Pr =ߤܥp / λf 
 
The variation of Nusselt number with respect to Reynolds number is shown in Fig.9. The Nusselt number 
increases linearly with the Reynolds number. Comparison of the present numerical model with the Dittus-Boelter 
model in terms of Nu is shown in Fig.10. The model is in reasonable agreement with Dittus-Boelter equation and 
deviates only 7.5% for all Reynolds number. 
The receiver with various orientations of porous discs are modeled and analysed to find the effect of 
orientaion on turbulance, heat transfer area and heat transport. The Fig.11. shows the improvement in nusselt with 
the use of  full porous disc receiver as compared to without disc. The variation of drag coefficient  with and without 
disc is represented in Fig.12. The variation of  Nusselt number  with reynolds numbers for top half, botom half and 
alternate porous disc configuration are shown in Fig.13. The analysis found that the  disc with top haff gives higher 
Nusellt number as compared bottom half  and alternate porous disc arrangement. The Fig.14. Shows higher  drag 
coefficient in alternate disc arrangement then top and botom orientations of porouse discs. 
 
 
 
 
Fig. 9. Effect of Reynolds Number on Nusselt number for Tubular Receiver 
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Fig. 10.Comparison of the Present model with the Dittus-Boelter Correlation for an Tubular Receiver 
 
 
Fig. 11.Variation of Nusselt number with and without Porous discs in the receiver 
 
 
 
 
Fig. 12.Variation of Drag coefficient with and without Porous discs in the receiver 
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Fig. 13.Variation of Nusselt number with orientation of Porous discs 
 
 
Fig. 14.Variation Drag coefficient with orientation of Porous discs   
  
The temperature contours for the receiver with porous disc with top half position and without porous disc 
are shown in Fig.15. The study found that increase of Nusselt number with the use of porous disc with  top half 
position as compared to the tubular receiver.The study found that 59%  increse of Nusselt number in the case of 
receiver with top half  porous disc as compared to without disc.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 15.Temperature Contours at outlet of the receiver with and without porous disc 
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4. Conclusios 
In this work, an experimenatl simulation was carriedout to improve the overall heat transfer coeffcient of 
the point focusing receiver. The study found that the use of nano fluid (Ag +water ) increases the overall heat 
transfer coeffcient instead of water as a heat transfer fluid. Incresing the shell side flow rate(water) and helical tube 
(nano fluid) side flow rate to 2 lpm and 1.5 lpm respectively increased the overall heat transfer coeffcient to 
1383.905 w/m2k  and the volume fraction of the nano material in the mixture is 0.1% for maximum heat trasfer 
coeffcient.   
 In the numerical investication of silicon carbide (SiC) porous disc line reeiver found that , the maximum 
heat transfer was in top half and then, in alternate of top and bottom half discs, which are increseing the heat transfer 
area, thermal conductivity and turbulanse. The study also explored that the nusselt number for porous disc receiver 
is hihger than that the tubler receiver for all the reynolds number in this study. The increase of the nusselt number 
increases the overall heat transfer effcient.     
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